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(57)Abstract: 

PROBLEM TO BE SOLVED: To control an air-fuel ratio without taking 
uncomfortable feeling to a driver by carrying out feed back controlling an 
exhaust air-fuel ratio using an air-fuel ratio sensor, and collecting an 
educator data, only when the educator data of a control logic is collected 
actually. 

SOLUTION: An engine control system is provided with a target air^^uel 
ratio calculating unit 30 and a feed back control unit 60. In the target air- 
fuel ratio calculating unit 30, the number of engine revolutions (n) and a 
throttle opening a are inputted, and a target air-fuel ratio Bp meeting to 
an operating condition of an engine is decided on the basis of those 
information, and is outputted to a model base control unit 20. The feed 
back control unit 60 functions only when a feed back correcting mode is 
inputted in a control device 10. a signal E outputted from an oxygen 
sensor is inputted, a feed back correcting signal Fba is decided on the 
basis of the output signal E. 02 feed back control is carried out, and a 
learning data is corrected in order to correct the difference between a 
model base control unit 20 and a real engine 1. 
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* NOTICES * 

Japan Patent Office is not 

daLges caused by the use of this translation. 

lTMsdocumenthasbeentranslatedbycomputer.Sothetr^^^^^^ 

2 **** shows the word which can not be translated. 

3 .1n the drawings, any words are not translated. 




ISW engine «,n«o, sys.™ c^^^^-lS ""t^i^^ 
27T^e1?^S'^"accoriing .0 claim 1 ch™ 

SSrol aiconiiniS, change of operational stams, ^Tcharacteized by performing using the 

rclaim 5] An engine control system giva. m any 1 „, Zenle wnceming m air-fcel ratio in flie 
Averse model of the engine which eonsttWes the Md« *^^XSrfer model, and computes the 

predetermined target air-fiiel ratio. rharacterized by constituting the aforementioned order 

LTS^Trx^xs;°nSir^ejMAC(s, 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Zilchni^ field . which — belongs] «s — relays U. fl» engine oonBol system whioh consols an 

air-fuel ratio to a predetermined value. 

[SptionofthePriorArtllnorder.redu.^ 

years, controlling an air-fuel ratio is Pf ormed At *^ as shown in teing9 While a correction 

Iyste;n of said air-fiiel ratio based on the operation nfo^ation on an^^^^ correction-factor calculation 
fLtor is computed so that the occasional ^P^f^^^^™^^,^^^^ multiplication of the aforementioned 
section from the aforementioned operation sensor is prepared in the exhaust pipe of 

correction factor to the aforemention^ib^^^^^ 

an engine, and, generally the so-called 02 feedback o^ntioi wm ^.^ consumption after the 

determines an amendment feedback ^^^^^^^f^^^^^^^^^^ 02 feedback contiol, in order tiiat an 

aforementioned amendment m the feedback contio ^^^^ ^ ^i^.^el ratio in the state where it changed 

oxygen sensor may react ody to Aeoretic^^^^^^ 

&(s)tobeSolvedbytheInve»^^^^^ 

lir-fuel ratio is periodically fl^!=tuated to R^^ it -^^^^ ,,,,entional 02 feedback 

also changes torque in comiec^ion with *f .^^^^^^^^ can feel change of this torque, and there is a 

control, depending on a operating range, ^^^^^^^^^^^^^^^ conventional 02 feedback control requires 

problem of affecting an ^r^tor's feeling. Moreov^^^^^^ consumption is determined based on the 
high responsibility, in order to make P~ of ^"^;^^f^;^S 02 feedback contiol, in order to raise 

output of the fed-back oxygen sensor. the air-fixel ratio is changed in step, and there is 

fiiel ratio sensor. 

[::LforSo,ving*eP™blem,h.orfer«,a«ai.««*o^^^^^^^ 
Leaning invention contmU fte a.r-te^orf^^^ 

aforementioned teacher data. 

&«e„. of *e invention, Hereaf^,, witi> '^^^Z^^tZ^'^^'^^^^^ 
gestalt of operation of the engine control system "f'^Ti'SttJSTo w^^^^ perform the engine control system 
Lgram shovring the relation between ^^gm^^ fl^rST^L comb-lon chamber of a cyMer 5 
concerning tt»s invention. An engine ' '"'™'»<^t^^^,T'^^fonned in the inlet pipe 2, is a four stroke cycle 
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u c..n\^ an inhalatioii-of-air bulb and an exhaust air bulb. In addition, the 
this view about other composition members, such f J^tle valve respectively. A control unit 10 

sign 7 shows the crank case among temgl, ^^,*V^^„^^?JT ^^^^^^^ value of the air-foel ratio in 
operates the fuel oil consumption from a fuel J^J^^^^^'^^Sr^J^ jj^^^^ opening detection means 12 
eLust gas. The information alpha about Ae throttie ^P^J^^ ^^^^^^ r about the crank angle 

prepared in the throttle valve 8 as this control unit ^ J « shovm m -^^^^ ^ ^^^^^ .^^^.pip, 

obtained from the crank angle detection means "^fj^^^^ 1^ 3,^ the inlet pipe 2 is 

wall temperature obtained from the "^^^SctSZSf S c^nsLption) of the fiiel injection 

inputted. While determmmg and o^tP^J^^g f^/^^^^^^ signal E about ttie actual air-fuel ratio 

eqdpment 4 formed in the inlet pipe 2 based on f^^^. ^^^^^^^^^^ needed, and it is constituted so that the 

obtained from the oxygen sensor 15 prepared m ^^jf/^^P^P^^^^^^^^ 'control can be performed, 

amendment and study based on dus f fo™^t^<^\"^^„^„^Pf^^^^^ 10. A control unit 10 A gap 

[0006] Drawingl is the outline block diagram showing *«^?rP°^^^^^^^^^ control logic along 

of the model-based-control section 20 which J^^^^^^^^ Xch ^n^Tes the aforem^oned 

with the target air-fiiel ratio Ep, the target ^^^'^fj^^^ ^.f ^^^^^^^^^^^ afor^entioned model-based- 

target air-fiiel ratio Ep, the engme-speed ^V^J^^'^ V^^^J^ SSo^S 60 which performs feedback control based 
control section 20 to an amendment sake It has model-based-control section 20. 

on the output from an oxygen sensor 1 5 -1-1^?!^?^^^^^^^^^ perform the 

It operates by any in feedback amendment «^°d!^!^^,P"f J^^^ control they are. The 

aforementioned feedback contro while usually P^^™^ J^^^^ operation part 40 and the throttle 

model-based-control section 20 nputs ^^^^^'^^^^^^^f^^!^^^^^^^ in the target air-fiiel ratio 

opening alpha, the inlet-pipe wall tf^P^^^ure tw and the t^^^ ^ ^^^^^ 

calculation section 30, determmes the amount of ^^^^^^^^ deration into the fiiel- 

mformation, it is a transducer 50, and changes the f ^^^^f ^^"f^^^^^^ tvut Ml The target air-fiiel ratio 
injection cycle of an engine 1, and outputs it from a '^""^^^^^^^^^^^^ the target air-fiiel ratio Ep 

calculation section 30 inputs engine-speed n and tiie t^^^tt^^J^PJ^^S a^^^^^^ g ^^^^L 

suitable for the operational statiis of the occasmd engme base^^^ SffeeS SoTwWch fm^^^^ only when 

control section 20 and the achial en^e 1. ^^^wina 3 - drawing 5 tiie composition of the model-based- 

[0007] (model-based-contirol section) WiA reference 0 to 

control section 20 is explained hereafter. S^^^^^^^'^^f J^^^^^ equipped witti the presumed air- 

model-based-control section 20 m tong^^The ^odel-b^^^^^^ ^^^^^^ 

fiiel ratio operation part 23 ^^h^^^^^^P^^^^^^^?^^^^^ modefllTf l air system which modeled tiie 
the presumed fiiel quantity Fv which ^e outputted from *5 ^ij^ "^^^^1°^^ modeled the behavior of the fiiel 
behavior of die air in an inlet pipe 2, the model-based-control 

injected from a fiiel injection equipment 4, and rko Ev outputted from the 

section 20 is equipped witii tije feedback ^t^t^ 1^^^^^^^ operation. The aforementioned 

presumed air-fiiel ratio operation part 23 to tiie ^ount op^auon^^ f ^ of basic operation 

Lount operation part 24 of basic operation "'^P^^f outputted from tiie 

to tiie fiiel injection equipment 4 of an engme ^b/^^^*^™^^ from the target air-fiiel ratio 
presumed air-fiiel ratio operation Part 23, and ti^^ ZtZn^ IsoLo tiie order model 22 of a fiiel system 

calculation section 30. This amount Mfii of basic operation is ^^PJ^,^^^ . ^ 22 of a fiiel system calculates tiie 
while it is outputted from tiie «^odel-b^ed-confrol secton2^^^^ V ^^^^^^ 

presumed fiiel quantity Fv based on tiie f ^^^f ^^^^°^^ef r2 from tiie order model of tiie 

reverse model of tiie engine which feeds back tiie P^^.T^^^'^^^^ model of an engine 1 by tiie order model 

aforementioned engme 1 -«?gj-^f of^^^^^^^ ^S^^etied ^^^^^ operation part 23 , and contains 
21 of an air system tiie ^^^der ^del 22 of ^^^^^ ^i^.^el ratio operation part 23, and tiie amount 

:e;srpr25tfb^c^^^^^^^ 

I0'008](tiie order modelofaTO^)~ 

aforementioned order model 22 of a fiiel system. ^^^^ o^^ n ^ eqmpped 
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rasHSra^oSiTd t^^^ aforementioned amount operation part 24 of basic operation. The aforementioned 
S d^ S^^^^^^ section 22e models the fuel deposit effici«icy x --g ^ S nTxtam 

which made the relation between engine-speed n, and the throttle opemng alpha and ^^^f„J^^^^ 
w^lion^ a network or CMAC inputs engine-speed n and the throttle opemng alpha, and presumes Uie rate x 

JuS oftalet-Dipe 2 grade based on these mformation. In addition, although not illustrated, if needed, this fuel 
tort^ffidSic^preSaon section 22e inputs the teacher data based on the comparison result 0/ an acnial au-M 
SrL Se S air-fiiel ratio Ep, when the operational status of an engine is in a transient and it may «>n5^»J«' 
rtottic^ of ^ "der model of a fuel system which aging etc. produces owing to can be ^'^'^J^' 
^e22f of *e aforementioned evaporation time constant presumption sections Moreover engme-speed n, throtde 
I ,,T. r^rt*B&Lv neurd network which made the relation between the inlet-pipe wall temperatare tw (or 

3ekd uSiaTnS^etwork or CMAC. Engine-speed n, the throttle opemng alpha, and ttie mlet-pipe wall 
^tSr t^ (0" S^e^ temperature) ^ inputted, and the time constant tau (henceforth, evaporation time 
S^t^)™ wLSe ««1 adhering to the wall surface evaporates is pressed be^ed on «hese mte^o^ In 
«te the aforementioned fuel deposit-efficiency presumption section 22e, although no less than 22f of this 

SX™2ption s^tion is not iltaLting, if needed, when the operational sUtiis of an «,gme « 
vt'^dLrt.e teacher <tata based on the comparison result of an actual air-fuel ratio and flie target air-fiiel ratio Ep 
L iSS^a^di^^rb^nSTsTfl^t the error of the order model of a fiielsys. 

to Si bi miended and learned. About above-mentioned fuel deposit-efficiency presumption section 22e and 22 
Ivim^onXT^Vp^ation time constant presum^^ 

Annlii^on No No 271188 [ eight to ] for which the applicant for this patent applied on October 14, Heisei 8. Non 
ISXl J^pm^on pit 22aSmputes flie fiiel quantity which goes into the combustion '=hamb^ of te^rect 

Sfcom die fuel miection eqiripment 4 in the amount Mfii (namely, basic fuel oil consumption) of basic 
oSSn iSu^ f^ S.oun?o^on part 24 of basic operation based on the tel deposit effic.«.cy x obtained 
STaZSfcnSftel deposit-efficiency presumption section 22e. Once adhesion fuel operation part 22b adhery 
to rw1^^Tc^nle^SMfcO>asic fliel oil cLumption) of basic operation inputted ftom tiie amount operation 
™rtl4 ofl^c oo^rS on ttie fuel deposit efficiency x obtained ftom aforementioned fiie deposi -efficiency 
S^SKiS^tes the fuel U«.y =^^t na^lttSlt^llSons 

to™ b? fee aSSiS'dead time is'abolishcd. -mereby, since Uie order model 22 of a fiie 

SmoUQ^SSri^iead sections21a and 21f) Afor«nentioned phase-lead-lag-network section 21for throttte 
[0010] (°™"™?PXi1«^^ork sections for engine speeds advance the phase of the throttle opemng alpha 
°f;Styte'11:^ dS^^SiTet^X inj^^^ 

=ia's>i-«.^rS^^^^ 

^n:^itbis^;rsr:^i«S^:r^s^ 
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■ 1- A 9 1 nf an air svstem by advancing the phase of throttle opening 

or throttle opening in time. Thus, in the order "^^^^^^ l of an J^^^^^ s ^^^^ ^^^^^ 2 1 of 

and an engine speed by the dead toe the phase ^^^^^^^^^^^^^ foel quantity Fv and the presumed air 

an air system will be advanced by the dead time, the please slutt o mej^es it becomes possible 

content Av is lost by having removed the dead «"^^*^^°3^XS^^^^ 23. Moreover, like the engine 

to presume a proper presumed air-foel ratio by ^^fS^^^^^ a dead time until injection fuel enters 

of a cylinder-injection-of.fuel formula, ^^^f dead time can be disregarded, 

in a cylinder from a foel injection equipment does not ^^^^ from the start when the behavior of 

since it is not necessary in a case to prepare Ae phase '^^^^^^^^ phase lead sections 21a and 21f in the order 

ii^jection fuel is modeled, it is not ^f^^J' ^^^^"".^^^ phase is not restricted to the method 

model 2 1 of an air system for example^In ^^di^^on, ho^ ^ P ^^^hod etc. 

of using a neural network but is good ^^j JX^(JntSt .^^^ at engine manifold Pman, the 
rOOl 11 21d of modelings by operation part 21b of an an: conteni ay dnu v 
hydrodynamic formula (1), and (2) is performed. 
Av (a. Pman) 

LL " Ef P'""^'^ ft!-'' P/P"""^-^'^"" .'(1) 
4 ^RTemb 

©SfiJI Pma.«--f P«>a«^IpAv(«. P«am>..(2) 
here.-a--thenumberofflowmet.sina^ot.^ 

pressure and k - the specific heat of air, and Tamb " large ata^^^^^ P ^^^^^ Tman 

Lendment - counting to which "^^^-pipe tempmtin^ & 
depend for beta 1 on throttle opemng, and ^^^^ ^ f^^^^"^^^ networks (or a neural network, CMAC, etc.) 
Moreover, about volumetric efficieiicy eta, '"o^elm^y Ae fi^^ ^^^^^^^ ^ the throttle opening alpha, and 
where modeling with a formula made ^^^^^ XrCeSncy presumption section 2 1 e, learn 

volumetric efficiency eta, as for eye a diffi<^it ^^^^^^^ Ci volmnetric-efficiency presumption section 21e has a 
beforehand is performed. In addition, ^^^J am^dment signal FBa from the 

Wvolumetric^ 

explained. The above-mentioned contiol unit ^ ^ tt^^^e^^ned (for example, when throttle opemng changes 
the operational stahis of an engine changes ^^'^^^^^^'^if^^^dn^ 02 feedback control based on the output 
abovepredeterminedrateofchange^^asshownm 

signal E of an oxygen sensor 15, while this f^^X^S^ mS section 20 it is the mode for gaining the teacher data 
nSntained desired value ^-^^V ^^^.'^^ i^^^^ model-based-control section 20, and an 

of an amendment sake for the gap between the order ^^^el ot me «i^^ ^^^.^ theoretical air 

acmal engine, and the target air-fuel "^^lo ^^^'^^^^^^^^ Ss back as an output signd E of tiie 

foel ratio among this mode. Speci/cally *e fe^^^^,^^^^ 1 ^^troUed by feedforward 

oxygen sensor 1 5 in which the information aboutAe J^^^^^™ modS-based-contiol section 20 was 
contiol logic by making theoretic^ T.Sn liS oil consumption may decrease, when the 
prepared by the exhaust pipe 6 and shown m ^^^l^^'T ^^ch) Moreover, when the aforementioned on^ 
afoLnentioned output signal is " " (^^ '.^J^^^X^^^^^^S^^ signal FBa is determined and the 

signal is "0" (i.e., when an air-fuel ratio is RDJ), the f^endmrn ^ ^1 consumption may increase, 

ou^ut of the order model of the model-based-cont^^^^^^^^^ ^^^^^^ ^^^,1 3,,tion 60 is 

Specifically, the feedback amendment signal FBa ou Jutted ^^^^^^ volumetric efficiency eta 

inputted into the order model 21 of an air ^y^^emjs U is a^^ 21 of an air system of the model- 
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the output FBa (or output Mfii of the model-based-control section 20) of the feedback control section 60 shows 
drawing 6 (a) and drawing 7 (a) until this feedback amendment mode begins to vibrate periodically that it is rich to 
RIN on both sides of theoretical air fuel ratio), and a control unit 10 is usually switched to the control mode after that. 
The order model 21 of an air system gains the volumetric efficiency eta after the amendment obtained by feedback 
amendment mode as teacher data, and learns based on this teacher data. Thereby, after study becomes within limits 
which can permit the gap between the order model of an engine, and an actual engine. In addition, since control based 
on [ in the control unit 10 / inside / of the aforementioned feedback amendment mode ] feedforward control logic by 
the model-based-control section 20 is performed, it is not necessary to think responsibility as important for 02 
feedback control in this feedback amendment mode. Therefore, with this control unit 10, as shown in drawin g? (a), 
when the output fi-om an oxygen sensor 1 5 is RIN when the output from an oxygen sensor 1 5 is rich so that fuel oil 
consumption may be reduced gradually and so that feedback gain of the aforementioned feedback control section 60 
can be made small and fuel oil consumption may not change in step into feedback amendment mode namely, it can be 
determined that the amendment signal FBa will increase fuel oil consumption gradually. 

[0014] (Another example) Drawing 8 shows the outline block diagram of a control unit which can perform another 
example of the engine control system concerning this invention. In addition, the explanation which overlaps since the 
relation of the I/O information on a control unit and engine concerning this example and the relation between the 
output of an oxygen sensor and a feedback amendment signal are the same as the first example shown in drawingj - 
drawing 7 is omitted. This control unit is equipped with the map control section 110 and the feedback control section 
1 30, and operates by any in feedback amendment mode which perform feedforward control by the map control section 
1 10 and which perform feedback control based on the output signal E from an oxygen sensor while usually performing 
the control mode or the aforementioned feedforward control they are. The map control section 110 calculates the 
amount Mfh of basic operation from which the optimal fuel oil consumption is beforehand obtained to various engine- 
speed n and the throttle opening alpha by experiment etc., is what map-ized the result, inputs engine-speed n and tihe 
throttle opening alpha, and outputs the optimal amoimt Mfh of basic operation suitable for those conditions, if this map 
control section 1 10 is the composition that feedforward control which can be learned can be performed ~ arbitrary 
composition - **** - for example, the map of CMAC etc. which can be learned - you may constitute - moreover, 
the output from a usual map and a usual map — an amendment ~ you may constitute from the amendment section 
which can do things and which can be learned A control unit 10 changes from the usual control to feedback 
amendment mode, when the operational status of an engine changes more than predetermined (for example, when 
throttle opening changes above predetermmed rate of change) (refer to drawing 6 (a)). Feedback amendment mode 
performs 02 feedback control based on the output signal E of an oxygen sensor, it is the mode for gaming the teacher 
data of an amendment sake for the gap between the map data in the map control section 110, and an actual engine, and 
the map control section 1 10 determines that the amoxmt Mfii of basic operation will maintain an air-fuel ratio to 
theoretical air fuel ratio among this mode. The feedback control section 130 is fed back as an output signal E of the 
oxygen sensor m which the information about the actual air-fuel ratio of the engine 1 controlled to maintain theoretical 
air fuel ratio by the map control section 110 was prepared by the exhaust pipe. So that fuel oil consumption may 
decrease, when the aforementioned output signal is "1" (i.e., when an air-fuel ratio is rich) Moreover, when the 
aforementioned output signal is "0" (i.e., when an air-fiiel ratio is RIN), the amendment feedback amendment signal 
FBa is determined and the amount Mfii of basic operation from the map control section 1 10 is outputted so that fuel oil 
consumption may increase (refer to d rawing 7 (a)). The aforementioned feedback amendment signal FBa is added to 
the amoimt Mfii of basic operation outputted from the map control section 1 10, consequently the fuel injection 
equipment of an engine is operated by the inside of feedback amendment mode with the control input Mf which added 
the feedforward amendment signal FBa to the amount Mfii of basic operation. It is performed imtil teacher data which 
become within limits which can peraiit the gap between the map data in the map control section 1 10 and the actual 
engine 1 are gained (i.e., as the control input Mf showed drawing 6 (a) until this feedback amendment mode begins to 
vibrate periodically that it is rich to RIN on both sides of theoretical air fuel ratio), and a control unit is usually 
switched to the control mode after that. The map control section 1 10 gains the control input Mf after the amendment 
obtained by feedback amendment mode as teacher data, and leams by making it correspond to engine-speed [ at that 
time ] n, and the throttle opening alpha based on this teacher data. Thereby, after study becomes within limits which 
can permit the gap between the map data of the map control section 110, and an actual engine. In addition, since 
feedforward control according [ a control unit ] to the map control section 1 10 also in the inside of the aforementioned 
feedback amendment mode is performed, it is not necessary to think responsibility as important like the first example 
for 02 feedback control in this feedback amendment mode. Therefore, in the control unit of this example as well as the 
control unit 10 of the first example, as shown in drawing 7 (a) So that feedback gain of the aforementioned feedback 
control section 130 can be made small and fuel oil consumption may not change in step into feedback amendment 
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mode That is, when the output ftom an oxygen sensor is RIN when the output signal from an oxygen sensor is rich so 
that fuel oil consumption may be reduced gradually and, it can be determined that the amendment signal FBa will 

rooTsum ^^^^ unit of the first explained above and the second example Usua^^^^ it consols 

bvTe model-bas^-control^^^^^ 20 (or map control section 1 10). TTie gap with the order model (or map data m the 
map ^ntrol section 1 10) of the engine in the aforementioned model-bas^-control section 20, an actud en^^^^^ 
order to gain the smdy data of an amendment sake Usually, since it switches to feedback amendmen^ mode from Ae 
r^ol mode, and 02 feedback control is performed, and after study data capture is constituted so that it may usually 
S to Sie control mode It becomes umiecessary to always perfonn 02 feedback control like *e conv^nti^^^^^ 
control method, and the effect that the torque change by change of the air-foel ratio at the time of 02 feedbac^^^^^ 
1 be suppressed in a short time is done so. Moreover, since the control umt of tins example ^^.^^^^^^^uted ^^^^^^^^ 
suidy data may be gained according to change of the operational status of an engme, it does so Ae effect of it becommg 
Z^Ls^ry to perform 02 feedback control by the same operational status for a long furthermore ti^^^^^^^^ 
unit of this example usually performs control using feedforward control logic. Moreover, the inside of feedback 
Zlndm^nt 3 also det^es the amount of basic operation using the model-based-control section 20 (or map 
^iSLtion 1 10) based on feedforward control logic. Since 02 feedback control has gone to the well of sUidy data 
SSSe Srce it becomes umiecessary not to make responsibility of 02 feedback control lu^, therefore to be able to 
mSback gain small, and to c^ge an air-fiiel ratio in step THe effect that change of the torque by becommg 
^^U>le to suppress change of the air-fuel ratio under 02 feedback control to mmimum, consequently performing 02 
feedback control can also be suppressed to minimum is done so. t, c^^nnri pv«mnle ******** is 

[00161 (others - example of application) in this example explained above, althou^ the second exmnple 
maintaining theoretical air foel ratio for the output of the map confrol section 1 10 by the mside of feedback am«idment 
ZrSIing a target air-fuel ratio to theoretical air fiiel ratio in the first example What is necessary is just to 
ZZZZ to le air-Ll ratio doubled with the reaction value of the air-fuel ratio sensor to be used, when using air- 
foTS^nsorTot^er than an oxygen sensor as a sensor which detects an air-fiiel ratio, without bemg limited to this 
mZT^ this example', although feedback correction value is determined in tiie ^^f^^^^^"^^^^^^^^ 
60 in feedback amendment mode based on the output from an oxygen sensor, without bemg l«mted to this example, 
this may input a target air-fiiel ratio, the amount of basic operation, and the output from an oxygen W ^iid may 
SSe feedback correction value based on those differences, for example. Furthermore, althou^ the change m 
fe~ameZent mode from tiie control mode is usually perfom^^ 

throttle opening The timing of a change in feedback amendment mode, without being limited to this example For 
^^le! y^ may switch for every predetermined time and may switch based on the rate of change of an ^^^^ speed. 
VarioL operation modes, such as an idling state and a heavy load quantity rotation state, are decided beforehand, and 
yoT^y switch based on change of the aforementioned operation mode, and may m^e it switch compulsonly with the 
Tections from the outside. Moreover, in this example, although the feedback gain of the feedback control section 60 is 
suppH^ sTall without being limited to this example, the size of the feedback gain m feedback amendment mode 
m^be cha^g^ in step like before, for example, and may be changed according to the operational status of an engine, 
an operator's feeling, or gong kinky thread nature. 

[Effect of the Invention] While controlling the air-fiiel ratio of an engme by feedfonvard control logic witti a learmng 
Kn ac^rding to the engine control system concerning this invention exp^ed above Since the teacher date of the 
afoS^Ltioned f^forward control with a learning fimction are gained by performing feedback confrol which fed 
bSr^aust air air-fiiel ratio using the air-fiiel ratio sensor, and includes the aforementioned feedforward confrol 
S w^ a fimction, for exaSiple Even when an oxygen sensor is used as an air-fiiel rafro sensor^ it is not 

Sra^toal3 fluctuate an air-fiiel ratio like the conventional 02 feedback confrol. Therefore, it is the the best for 
Ae t^o^LtSw by which the effect that an air-fiiel ratio is confrollable in the optimal state is done so^J^out 
Sving aToperator an uiipleasant feeling, and air-fiiel ratio change tends [ especially ] to appear as gong kinky thread 
aggravation of a driver. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this traaslatxon. 

1 .TMs document has been translated by computer. SO the tramto^ 

2 **** shows the word which can not be translated. 

3 Jn the drawings, any words are not translated. 
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mt L^cf^/^ct 3 ^ c t ^mmL-t^imm i xt^ 2 

it {c gIT -5 iljf^ ^ ^ - ^ ^ > >^ > 

[0 0 0 1 ] 
[0 0 0 2] 

X <&ig;M $ -t^ ^ ;t <5e) ^mit ^ um-T ^^t, m=yt:>nx 

J;3{CX>v><7)ai^tt^t:iScJV^TS*^*^flfiM*^ 
lSL^j:V^fci6> El 7 (b) tc^fcfc-^ t;:^«it^, Si^ 



[0 0 0 3] 

^j->t\z^m-^^^t. me (b) ^Tsmi (b) 
cDO2 7^-HA*^:/^$jjiaic0cfce)fr^p#. ^mit^mm 

^ii:Xl^^tm^^mz^r:>X\t. Z,<D h )\^^ (D^W)^^ 

ii^mx^^u^juLf^K^. m^^(oy^-')yi/\z^m 

y^-\'^^y^mmx\t. y^-\^/^y^^nrcmm± 
>^(Dthti\zm':i\^^rmnmmm^^^'r^(Dxmm(D 

T. m^(D0 2y^-}^/iy^mmx\-^. jj::^tt^f^± 

(b) \z^'r<i:oiz^mit^7.^y'^mzmt^'^Xio 

:^mmitt. ±iHbfcse*<D^^'t>it^ffli^fcx> 
^^^^^ ^ ^?^j:< ^msfJP^fT^ - ^i^^x^^jzy 

[0 0 04] 

^y^'-\^y:t'7-\^Unuz^y!7\ZJ:'DXX,>Z^><D 
■y-^ffil^T:7-i'— FA^^y^t*'i)>''l'*- HA-z^SiJiB^fr 
[0 0 0 5] 

^#B3bT. 2^^0j[r^^x>i:^>MfP:5S:(7)^;^coj^ 
^{roo^TlftB^^t- x>>?>l^i*5ge^tc^ 

HEBSHT^-So x>i^>l^i> ®:^W2tc^^t6 

n/cxT^ u 3 :g^o^m^4Pt#>fgm 4 u > 

6 \.x:k%^ \z^m^^ 4 -th-r ^ ;vx > 

^^^r^LTl^'^o SOffl^aiOti. MSPS*fSm4y^?^6 

b^. 0yy^'T-7.i\zWii^ntz.Cfyy'^^wm^^ 
\ziph%^t\-^^^y^^^zm^^mmLr ti. ®me 
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^m^.(D^^Mzm't^m^m^E^. ^^^mizjt^crx 
■fji^x. zi(Dmmz&'::)<miERzf^^'^n^^'^^&^ 

[0 0 0 6] m2\t. mmmm i o (Dm^'^^tmm:/ 

ay^m'v$)^o mmmmioit. mm^mttEpizYi^ 

2 ocD-rn^niErcisb^z. ^^)i^'-7smmw>2 o^z^ 

5 e (Dmt)lzm'::)\^^Ty ^ — H /n* ^ ^tr 7^ ^ 

X>>?>lHie^n, RtJ^XD^;/ h;i/BB^a. K^^MS 

4 (Z)a*:#f^»M f n ^Sife ^^SB 5 0 -rf> HufE» 

*jSf^»M f n ^X>>5> 1 CD^*^PS#t1t-r 

Lxmi'^MMf Li.xmmmmi o^^^mij^^o mm 

x.yi^ycDm^^miz^'orc.Bm^mitBp^^^i.x 
^^ji^-7.mmm2 o\zitit}T^o y^-\^/'<y^m 
m^eou. mm&Wii of)^y^-\^/'<v^niE'E—]^ 
\zxn^nt:im(D^mmiy. mm-^yv-i 5^^(E><Dihti 
m^E^xtiL. mmihtfm^E\zm^\^^xy ^ - \^/^ 

[0 0 0 7] i^y'ji^^-T.mmmz^i^^x) ext. m 

3 -0 5^#SSbT^:^;i-^-XSiItaia5 2 0(Dmj&\Z^ 

i^xmm^^o msjf-i. m2\z:^»^'e^ji^^'-y>Mm 
^2 o<Dm^'^^'tmm':fuy^mx$>^. 
7.mm^2o\t. mm.'^2p^co^m(Dmm^'^^Mti. 
rc^m.mm^j'ji2 1. mMmMmm4f}^^mM'^n^ 
^n(Dmw}^'Ey='M[:i^r^mMm%'^y')i^2 2. 
m=^^)\^2 iislxs2 2f)^^^f}'^n^m^^%mAw^ 
zsm-^mMmE v iri^^^xit^^mE v 

7.mm^20\t. }tS^«SltSI»SB2 3^^^tB:tr^n^ 

it^^m E V ^^^^^m^nrn 2 4 ic^ ^ - k a-^^ 



f^«?S^g|5 2 4tt. jt^^m^^@gi$2 3;;?^'om^$n 
n-seS^mE p<h^A:^jLTX>i^>l 

igg4tr^^f ^s*itf^«Mf n m^^mmmmm) ^ 

gP2 0:6^bai;^?$n^<h*{;:j^.#?l-^|ll^5^JU2 2{rt>A 

j^^^)ii^7';u2 2\tmmM^mi¥mM f n^r 
5';u^-xSijpa5 2 0Tii> ^a.^iiH^^;p2 1. mm 

mm=Ey')l22. RUm^^mitm»^2 3{z^r):c> 

22. mM^m\t^w^2 3. Rum:^mi^mmw^2 

4 ^-gt^ 7 ^ - F A ^ y ^ffi V^TftJfHx >>? > 1 
<Z)Mi^:T';i':^^'bm^?^n'5Jt^^^itE v^:7^- Fy^^ 

[0 0 0 8] («S5f*^«i^5r;uic::)i^T) 04fri. MffB 

:z(omnm^'e^'ji2 2\t. mi&Lrc<i:v}^zmnm 
m&m 4f)^^mm^ nrzmMO)mw} ^ ^ 5^; b 
Tfe^o cco^.^4.^jili^T';i/2 2^5. 
2 2 a > Mmmnmwm 22 b. --Amn^ 22c, 2 

2d, ^.$4#«^lt^gB2 2 e> 

2 2 f MfBa*Sf^SJ^#BB2 47&^^A:^^n 

^s*:#f^sMf n im:^mnmm&) -^^^^ mmzzy 
v>ysmzA^mnm^m^^^. mtmmMmmm 

izm-zsi^^x. mmmm^m 4 e rsm $ rircmM'f)mm. 
'S2m(Dmmznm^^m'^x isxr. mnamm^) 
^m^T^o i^. z:(DmnHmmm^^2 2 e\t. 

mitm \z -5 B^tr ^(^(Z)^jKit L g ^^^b E p <7)it 
^vizm^-^nn^o ^r^. mmm^m^^mmm2 2 

WfgStw (Xtlx>>?>7Kt^) «h^5!^^^r <h(DM 

^)vm'^m. y.\t.cuAcm^m^^xm%m^WLz 
^;HbU;tfe<^T*D. x>>^>[HieiScn. ;^D^yh;i/ 
m^ot. Rr5®m^iiiUtw (x^sx>i^>*r^) ^A 
z.n^(Dmmzm-:5i^x. mM\z\^m\^fcmmf^^ 

1^, CCD^fgl^^Sc}t^SS2 2 f fiufB^**M^^lfi 
^g|52 2 e<?:[^*t, 0^bTV^^Cl.^^\ if^^JrjSUT, 
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1 0-220269 



tc<^m^8-2 7 1 1 8 8^{CJ;0S^aaiCgiS%$tlTli 
-5. #^f*^^«-JSffSB2 2 a«. iJfBMW^lr^Ji^gK 

*j|l^a5 2 4;5^^A;'j$n-5a*jSfP»M f n (BP*.. 

^gi5 2 2 b tt, misEmmi^mmmmm 2 2 e e. f# ^ n 

wmr^. mt?,4mmmmm»^2 2 aRwrnmrn^ 
w-^2 2hf]^>bn^n^mmm.i-i. ^A—:^mnm2 2 
c. 22d-e, m^m^mm»^2 2 fij-^ihrntbti^m 

2 2A>em;^^n-5. (as, iia, x>v'> uc^fettsj^ 

f!SW^.*4*^'*^*4'««SM 4 e, -> u >y 5 rtir A 
-5S-ecoaEiS;BtFB^^#i^bT. m4izmmx'7f:-r<Siv\z 
mfikmriimdn&m^mib^^mMmmmiim»nu2 

^:t-';U2 2-C«, ButBMI*;^rBl^yc:lt^*^l-^)iH^5';KD 
«iffl&ji*-ti-^Ct-e«li!:Wft1fflfitBSnflP2 2 g$r^ 

2 2«mM;i£— ^^jgnj^Jc;S-5©tr, ^*Jt^|iIS^:5^JU 2 
2(Dtiitl^m^->xy -< — ]^nyi7MM'tn'5^'&iz. y 

mmiz^msErj.M:^mi^mi)m^n^iEmim'e^)i''^ 
m^ai^x^'^^. 

[0 0 0 9] (^m*)l^:^;HCt3l/iT) 0 5«. MIS 

Av ( ft, Pman) 

n ^ Pamb/iT 



il*gg2 1 a. ^«ft?IIS:eB2 1 b. Jitl^m^2 1 

c. ®^ft/±?ii^gi5 2 1 d, {^myj}mm^^2 1 r 

Z/X>>'>|5ieg:ffl{4ffljti!*-gB2 1 f^m^Xr^^^. 

[0 0 10] (S-€^ffljii2>-gB2 1 aS:t/2 1 f tcot,^ 
T) SSSHXn-y h;l'W*ffl^4ffiiI.^gC2 1 aSOCx>>' 
>lsie»fflfiffljl^gC2 1 f BulB;^.*4J^)ilS^7^;U2 
2fc*i/iT, lJDK5i.»fcM»:NprBl (fill*.. "SW^m^M 

nm^mm4A-^^mm-^nfcm:. ->u>y5i^{cA-5s 
BB2 1 aRix2 1 f mmiznr^x.>i^>^mwcj!. 

J; -SIC. ^m?^)H^^;W2 1 fciiVJT. XD-yh;n§g 

sa^x^v'Xiiesw^affl^tiifc^rBi^fcitjii*^ ci t 

(Cj;t9. J^r4?^)li^:5=';U2 2 RUC^MmMI^T^^U 2 1(D 

m=^^)V2 2xmmm^^*)W^^^tcz.ii\z^v)m-&m 
m.'&^'m^mM^ 2 3 t?)giE;iJt^^^jt^it^-r-5 c 

® J; ^ tc. «W^.'m«f4RftMgm:*^ >- U >yi^{c A 
* T® Sii*:B#PBl;5^??ffi L T^j: I i fttflBftf SicBtrpg*^ 

ffljt^HB2 1 amS-2 1 f fe^tt^'i^^SttT^tt^. i^. & 

[0 0 11] ^»»A vROf^mftEEPma n®i^#gB 
2 1 b, 2 1 d«dgfl£:^^e<]:ia:|SiC (1) , (2) "C® 



^ yRTamb 



fli(a) Pmam } -f-ma o 



( 1 ) 



Pmam 



RTmatn 



^CT. C t «Xa-y h;UT®^«t+^. D«;^a->h 
;U®jfig. P amb«;*i:^i±. ktt^M®Jtl^, Tarn 
btt:*:»S, Rtt^#5£ic, MaoH«IEtfic, Tma 

Stctt#-rSs+^. /3 2^a®^®)]E;b(::^fe^?-r-5at^T 
wm.9)imT)\zm\^X\m.^^z^^'t'rMt 

timmutctb. «^«^«jt«a52 1 ett. x>i?>[iie 



Av ( a, Pmam ) • • (2) 



5;H118S^, CMAC^) trJ;§^r?Mk*ff 3. i^, 

#:|«ja<5jt^gi5 2 1 e7!>^e.®tti;^ti. ftiJP^S 1 

ftiJ^gP 3 0 ® 7 - hV \' i7 «iE«^ F B a J; 
0«iE$n. ■ft:«g&*Jfl^g52 1 efi. ffiEm®^:*?^ 
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[0 0 12] (sm^mitwthms oiz-:>i-^r) mm^ 

[0013] (7^-- l-V\'.yd7aPgB6 OlCOtiT) ^ 

it. me (a) {c^-rj;-5(c, x>>'>cD3iet>cM75^Rif 

ttlE^:- K 0 #t)-5 „ .r 0) 7 ^' - H /\* «IE 
-fe >-y- 1 5 K)tti;^)m^E (C*0't.iTO 2y^- FA'-y i7 

©he^tt";!/ t ^i^OTx > > t cofti®-rn**tiE-r ^ 

-Ftt^. sm^mttntas^s oitmm^mitEp^mm 
^mttizmmr^o >'-i'-F>'\*-;/i7ffi!iwisc 

$n-5x>>'> 1 (Dm^o^^mitizm^^mm^i^m's 
6izm»^nrzmm-\z>-^i 5<DmtimnEii[yxy^ 

i^^. MP*,, ^mtt^'^u-xDm-^iziimnmrnmA^^ 

^«iEf ^^-f - F/\*-> i'ffilEm^F B a Sr^^LTtil 
;^lT-5, HifiH^^' — FA-^yi7$!lffllgS6 Od->e>tB;^jStl?) 

^-:^$ijffgl5 2 OiZ)^MJ^)e^7';U2 1 lC*3tt^^f:|S3S 

(DX\ m3lZ7r:TJi^iZ^^mm'e^)V2 liZXtl^ 
n< B15(c^-r<J;3tC'f*:««5^it^lSB2 1 e;5^?,a5Hi;fj 
iCffiiEffliLTJomsn-So ^IW^-C-FA'-^^lfiEt 
— F«, ^:5^;U^— X$!lffllg8 2 0 tSI^®X>>'> 1 t 

f)mm^tl^^X\ IP*., ^^--FA'^y^ftJIfllgge 0® 
ffl:»3 F B a (Xtt^7';U'<-^»Jt«?iB 2 0 cOffi:^jM f 

n) *^'I2I6 (a) RZfm? (a) tc^t" J: 5 fcaU^^ 

-efi^^n. ^mmt. ftdiwsgi otta^snffli^r-Fc 

i'ffilE^- FlCj;Of#e,nfc«IEg©{*:«5a^7) *^e6 

fr^. cntCctt), ^WWt. x>>?>®>1^7^;u<h* 
K5©X>i?><i:WFBl®-rn*«W^T^-5fEHrt{c;Jc-5o 



i^. S3tB7^'-FA*yi7SlEt-F>4'fc. mm&Sl 0 
tt. ^x;U'<-Xf|!iJpgP2 0(Cj;D7^-F77t-'7-F 

y^- FA*>vi7MiE^- Ff WO 2 t?-,-- FA*-;/i^S(l!a! 

izitm^a^mm-r^-Si'^A^u^K u-ox. mi (a) 

(x*-rJ;e)(C. C®ftiJ|?gSl OT'tt. Huf37-i'-KA" 
^ SflPSB 6 0 CO 7 ^' - FyN'-> i7 ^'-f >^/h$ < T S d 
7-<-FA'>yi7«iE^r-F>ftC, 

5 e,cDtB^755ij \zmm^m^m 
(Dii^{cir#^ \zmMm.^m^m'^tJ^o\zmlEm^¥ 
[0 0 14] mcDmmm) Eisa. :$imm\z^.^x.> 

CDAai;^1ff6<i:x>v><t®H^. l^*-fe>-y-©ai;'3i 
^^f-FA'-v^'ffiiEM^tWli^tt. 01~S7C^L 

ny^'mmmi 3 o^e^, v-^t^wpsbi 1 otcjcs 

7^ - F:7:t "7- FftiJiSP^Hfrf Saa«^3t- FX 
tt, tfUS^^-- F:7:t'7- F$iJffli*?TV>'7i/e)5f,^^-tr> 
1*-*^ e. wai::'3«-^ E tcSa't, -7 - F A' ftiJP 

- FA'-;/i/«iE^- FO<Bin*^T'f^»jt-^, 
v-yT'ffiiJffliapi 1 Ott. ti^7'j;X>v'>lHlSgCn 

so^x n -;/ h)mm a \zM uxmmrjimmmMm^m e 

-?~y^itLrc'b<DX\ X>>?>lHlg^n&t>'XD-;/ hJU 
mufn^mtlT^. ^:©V<y7"©Jt©SBl 1 0 «. 

^mrjiy^-\^y^'7- \^mmi)mffx^^m^x$,n 

Tl^fiKUTfcJ;t^<. f&JP^giot*. x>-:/>»jiet>c 

m^(D^im&.±x'&itLrcm'^. m-^(Dm'm^iy ^ 

- FA*>yi7«iE^r— Flr^0#t5^ (El 6 (a) # 

Bs) „ ■7-i'-FA'->i7ffiiE^-Ffi. l?^-fe:>+>-cotti;^ 

■:fmmmi i 0^z4o^j■^•=<'•>:f7'-^t5llSox>>»> 

«e)0^- FT-abO, C<Dt— F^^. v-vySiJPBBl 1 0 
^'I'-F/N'-yi'SllPgPl 3 Ott. V-y^ 

$iji3igpi 1 o\zj:y)mm^mit^mm-r^^ofzm'm^ 

n^x>>^> 1 (DSI^.(D^Mjt{cM-r^«$6S#ai=lr 

mi ^nrcmm-t >M-<Dtht}mn e t lt 7 - f/\* -y 
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m'^\z\tmMmmmf)^^< t^^^oiz-^y -ymmm 1 1 

0 f)^ e <?:)a*itf^»M f n S:«iE-r - \^ /"^y i^m 
jEm^FB a^^^untiti-t^ m? (a) mm) o 

H4'tl. S*lSfP»M f n(c:7^ — F:7:t '7— Kffi 
lEM^F B a ^Jn#L:^c^f^«M f tcj: 0 JifP^n^o 

fiP^. jgf^fiM f 6 (a) L/cct 3 1:: 

mm^m^^^hj-Q u ^ <h u - > ^^wjciskj u 
v^m^^- Fi3<^ot#enfc«iEftcD#f^SM f 

^-F4^^>. mmmm\-x. ^yy^mmmi i otrj:^:7 

miOchig^. 127 (a) {C^-rJ;"5tr, HfffB:7>f-F 
^Z-Lfi^T:^. :7^-FA^y^ffiIE^:-F4'tc. 

(Dm'^\z\r^.^ \zm¥m^m^m'^'t^o\zm^m^¥ 
[0 0 15] mmm%^) )^A±.mm\^t:im-^ism~ 
2 0 {y^w^v^mmui i o) trfrv^ *afH^^;i/'^ 

y$!jPSei 1 0\Z:^n^'^yyj'-^) <h^f^.(^X>>? 
;1T0 2 y^^-F/\*^y^SfJta?^fT^K ^W^^-^^Mtttt 

'^^(Dmm:f5^(D^o\zo2y>(-\^ny^um^ 
^mit(Dmm\zx^ v)v^mm^mmfmzm^^^^f)^ 



:7 ^ - F / 1 ^y ^ ^ fiB#r«1ff 3 ie:^^:^^VcJ: < ^'cj: ^ I ^ ^ 
Sf^:7>r-F:7:t'7— F$!ltan>?-/i7$:ffliiTf?iK ^ 

2 0 (X^iV^yy$fJtaiHBl 1 0) ^^V^T^^U, 02 
^ - F A-/ >:7$i|ffllti^g^-i5^S#(D;^ci6^rtT-:^ Ti/^ 
^CDT. O2 7^-FA^yi:7®JtSlC0lS^tt^iS<t*^ik:^ 
lg;O^Yj:<, t^oT. - FA^y i7y-<>^/h$ < "T-g) 
C<hd^T#> ^m^X^^y^Mtr^fb^it-Sif^^Mt^JS: 
<;^j:'f)CDT. 0 2y 4 — ^Wm^o:>^B.Yt(D^m 

^mL^mz^T^^z^t^if^-^mzuy). ^<om^. ozy 

6g ( ffl A -5 ;i <h T ^ ^ -5 ^ii m ^ ^ T ^ o 

[0 0 16] mcDmmm) &.±mmLrzi^mmm^^ 
\t. :7^-FA^y^«iE^-F*ti. ^-mmm^z:^^^ 
mm^mit^mm^mitizm^i^. ^rz. m^m 
mm^^^^^xit-^yy^mmmi i o(Dtht}^mm^m\t 
^*ij^bTv^^;&^\ z,n\:x^mmm\zm^'^n^z.Lrj: 

^mitty-^^&mT^m'^^zu. ^ffl-r^sm-tr> 

*^j6£0iJTii. :7^-FA^^y^ffiiE^:-F4'(::. mMii 

y^t-^ ^(D^Mz s-^a ^xy>( — '^ny^ umm 6 o 
\zmr^\^^xy^-\^/^y^WiEm'^^^i^xh^iK $ 

TfflSffiJjfP^- F:^^e FA'^y^^ffijE^:- F^<D« 

M^fr-pTl^^^^*. :7^ — FA^y^^iE^:- F^c?)^^ 

m^o)mmm\zwDmpix^^<. x>v>[Hies(D^ 

X. ^mf)^ib(D^^\z.^D^wm\zmr)W^:^^^'o\z\^ 

6 0 (Dy ^ — \^ j-^y ^ y<>^^\^^ <ii^^x\^^^f}^. y 
— F ;x^y ^ «iE^:— F 4^ 0) :7 ^ — F ^y ^ y-r •> CO:;^ 

^•^\t:^mmm\zm^-^n^^tf3i<. m^^t. m^(D 

Xo\zx^y:fmzmit^^Xh<^<. ^fc. x>>?> 

(DM^^m. mm.m(Dy^-^)y^\ xtiF^tfut^tc 

[0 0 17] 

mm(D9)}^'[ ]^j.±.mm\^rz.i^wm\z^^^x,>iyymm 
:f5^\z^n\-i. ^^mm\^^y^-\'y^y-\'umu 
z^y i7\z^^x:sLyv>(D^m\t^fm^^^mz. 

m.^mit^^m\t'ty^^m^^^xy^'-\'ny^\^. m 
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IB^S «hEW # 7 ^ - h* 7 * 7 - K ft(I^» n >y i7 «r^* 
f~y^- K A- -y ^ 5 C i: (1 J; 0 BfriH^^^tg^ 

^ 37 ^ _ (4 -7 ^ 9 _ K SflPCDi^eS X- ^ 4 U T I i ^ 

RI/h;U^^lft^> (b) t5«e*C7)0 2:7-r — KA^y^ 
[07] (a) ti*^HJtr^^0 2:7^-F/t^:/^a 

[0 8] :^%m tc^ ^ X > >*Jtai;5iC(7:)S'J <^*SS^J 
[0 9] tS*(7)0 2 -7^ — H/t^^^aPDi^^y ^CDffi 

[??^<7)i5^Hj] 

1 x>>^> 

2 K^l^ 

3 . XT^U— :^ 

4 »4feS*gm 

5 >'U>^ 



6 

7 

8 7.D^yh;wtjpy 

1 0 ^ffllgS 

12 XD^yh;mS^»^S 

1 3 ^^>^:^^fil^S 

1 4 

15 ^^ir>-y- 

2 0 ^T^^^^-xS^JffllSB 
2 1 ^%^m'^y')V 

2 1a XD^y h;i/MSffl^4fflji^«fP 

2 1b ^%mM%^ 

2 1c J±;^^'^^gB 

2 1 d ®.%n.^±MM-W^ 

2 1 e ^m^m^mm^ 

2 1 f ■x>>^>lpI^icffl{4fflii^SB 

2 2 «S)^4is)iia^x;u 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] It is based on the simulation model which expresses the dynamic behavior of fuel [ near the injector of each 
cylinder ] in the fuel-injection control unit characterized by providing the following. A fuel behavior simulation means 
to calculate the fuel quantity in an anticipation cylinder which was probably poured in into each cylinder (105), A 
specific state detection means to detect that the operational status of an intemal combustion engine is in specific 
operational status (107), A parameter-identification means to identify the parameter contained in the aforementioned 
fuel behavior simulation means (105) when it is detected by this specific state detection means that an intemal 
combustion engine is in a specific state (108), When it is detected by the aforementioned specific state detection means 
(107) that an intemal combustion engine is not in a specific state It is based on the output of the aforementioned au*- 
fuel-ratio sensor (100), and the fuel quantity in an anticipation cylinder calculated by the fuel behavior simulation 
means (105) using the identified parameter by this parameter-identification means (108). The fuel-injection control unit 
characterized by including an amendment fuel-oil-consumption amendment means (106) for the fuel quantity 
determined by the aforementioned fuel-oil-consumption operation means (103). The air-fuel ratio sensor which is 
installed in the exhaust pipe of an intemal combustion engine, and detects the air-fuel ratio of exhaust gas (100) An 
operational status detection means to detect the operational status of intemal combustion engines other than an air-fuel 
ratio (101), exhaust gas predetermined fi-om the output of this air-fuel ratio sensor (100), and the amount of operational 
status detected with this operational status detection means (101) ~ with a fuel quantity operation means (102) in a 
criteria target cylinder to calculate the fuel quantity which should be injected into each cylinder, in order to acquire a 
character Based on the result of an operation of this fuel quantity operation means (102) in a criteria target cylinder, the 
reverse model showing the dynamic behavior of fuel [ near the injector of each cylinder ] of a simulation model is ' 
used. The injector which injects fuel in the style of [ near the inlet valve ] an inlet pipe based on the result of an 
operation of a fiiel-oil-consumption operation means (103) to determine the fiiel quantity which should be injected 
firom an injector, and this fiiel-oil-consumption operation means (103) (104) 
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[Detailed Description of the Invention] 

' K^tion SS'S the control unit of the fuel oil consumption of an internal combustion engine, and relates to ttib 
wSdetermines fuel oil consumption based on the fuel behavior model showing the dynamic behavior of 
the fuel near the injector attached in the inlet pipe of an internal combustion engme m more detail. ^ 

Sftod ff SLT^e foel quantity which should be injected from *e -j-^-^ ^^^3^^^^^ 
eneine these people proposed the injection fuel control system which used the precise SHMYURESHO model 
shSg the d^Lic behavior of the fuel near the injector installed in the inlet pipe of an mtemal combustion engme 

SaSon ^^^^^^ near the injector (control volume) and fuel quantity fv which evaporates in this dosedj^^^ 

n Smetiiod is built. Since feedback control of the fuel oil consumption from an injector is earned out based on the 
abo^e-m^on^ state variable so that the fuel quantity which actually flowed in the cylinder from the output of the 
aSel rS™ formed in the flueway may be detected and the value niay be in agre«nent jesi^d vdue^^^^^ 
air-foel ratio predetennined in a high precision is maintainable. However, this method is the so-(^led feedback control, 
Te tiie confrd wWch the exhaust ^ dr-fuel ratio of an intemal combustion engine is detected begins, and becomes 
c^riecLbk [ Ll oil consumption ], generally had the fault that control speed was slow, and when operational statiis 
changed ramdlv it had the fault that the precision of control fell. • . 

SSto cStWs fault, these people have proposed what controls an intemal combustion engme by the confrol 

S p^onns tiie control operation in the relation between tiie dynamic characteristics of an intemal combustion 
Tdnr^d a7^™se property from the inflow fuel quantity in a target cylinder which becomes ^^Med beforeh^d 
acfordin^ to the operational status of an intemal combustion engine (Japanese Patent Application No. 2-193806). 

SX^S chSteristics of an intemal combustion engine, and a reverse property if it is m tiie control which 
usedl^eTeverse model, it is difficult to get to know a parameter exact for dispeijion m the manufacttire ^O^ess of ^ 
Vernal cLbustion engine, or aging, and there is a possibility that the error of this parameter may become a factor and 

SSsSnrrad^^ew of tiie above-mentioned trouble, and while corresponding to the operational status of an 
kiemd^mbustion engine promptiy and detemiining suitable fuel oil consumption, it aims at following a change of an 
Semd Zbustion engne with time, and offering the fuel-injection conti-ol unit of an amendment mtemal combustion 

engine for fuel oil consumption. 

<ihown in a view 1 , it is constituted as follows. , i . a 

?Zely tiie"ik:fuel ratio sensor 100 which is installed in tiie exhaust pipe of an internal combustion engine, and 
de^cTs ^rair fud ratio of exhaust gas. An operational statos detection means 101 to detect the operational statu of 
h^temal c^mbuS^^^ engines other than an air-fiid ratio, exhaust gas predetemiined from the output of the air-foel rat^o 
r^sor iSS^ of operational statiis detected witii tiie operational status detection means 101 - witii a fud 

qSty ope^tion means 1 02 in a criteria target cylinder to calculate tiie fuel quantity wluch Jo^^e m^^^^^^^ mto 
each cylinder in order to acquire a character A fiid-oil-consumption operation means 103 to detemune tiie fuel 
qu^tity wK^ be iScted from an injector using tiie reverse modd of a simulation modd which expresses tiie 
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dynamic behavior of fuel [ near the injector of each cylinder ] based on the result of an operation of the fud quantity 
oSon means 1 02 in a Ueria targi cylinder, The injector 104 which injects fuel m the style of [ ne^ fee udet 
valve ] an inlet pipe based on the result of an operation of the fuel-oil-consumpton operahon means 103 A fuel 
SorsMatiSn means 105 to calculate the fuel quantity in an anticipation cylinder which was probably poured m 
bit rac^cZX b^ed on the simulation model showing the dynamic behavior of fuel [ near the mjector of each 
Sind^^l A spSfic state detection means 107 to detect that the operational status of an mtemal combuston «igine is 
L Sc operational status, A parameter-identification means 108 to identify the parameter contamed m the fuel 
beSsiSon means 105 when it is detected by the specific state detection means that an internal combustion 
enSTeTs specific state. The identified parameter according to the output and fee P"-^,^?^f^"^^ 
!Sf of fee air-foel-ratio sensor 100 for it being detected by fee specific state detection means 107 feat an m^^^ 
combustion^ngine is not in a specific state, and cooking is used, by fee fuel behavior smiulation means 1 05 Wife fee 
^^ZZ fod-oil-consumption amendment means 106, shell composition of fee fiiel quantity determined by fee 
TeuSSnZption operation means 103 based on fee calculated fuel quantity m an anticipation cylmder is earned 



out. 



S Tfee fuel-oil-consumption control unit of fee constituted intemal combustion engine, while fee suitable fiiel oil 
«pSo SnS>lling fee air-fuel ratio of exhaust gas by fee rev«.e model ^f^^^! dynamic dbaractenst^^^ a 
^S^Ed value is defined, fiiel oil consumption is amended according to change of fee property of an mtemal 
combustion engine, and control is maintained stably. 

m SpLition of an example A view 2 is drawing showing one example of fee fiiel-oil-consumption conto,! unit of 
he rn3a>mbSn engine concerning feis invention. In fee view 2, fee air flow meter 3 is installed m fee 
S^n o?r^fe 2 oT^ intemal combustion engine 1 . An air flow meter 3 outputs fee electrical signal which isa 
Sfvfi for meaSg the air content which an intemal combustion engine inhales, and is proportiona^ o fee volumetnc 
flowTa teoSSon air. This electrical signal is supplied to A/D converter 1001 of a control circuit 10. 
^TdZccl^sTe of crank angle which (diverts into fee degree sensor 5 of crank angle and fee degree of crank 
^Se Xch X^ Sto fee de Jee of crank angle and output a pulse signal every 720 degrees, and outputs a pulse 
^Slode^rr^attached in fee distributor 4. THe pulse output of fee degree sensor of crank angle is supplied to fee 

Sir fi^^TZst '::^TlC±f^L^ ratio sensor 14 is installed in fee down-s.eam exhaust pipe 13, fee 
volS^eTc'coXfito fee oxygen density in exhaust gas is outputted to it, and A/D converter 1001 is supplied. 
rSoTcTrSo *i^sS exiple. microcomputer systems, and contains A/D ^^-^^.'"^'^ZT^^^^^^ 
fet^^e lTo2 CPU1003, ROM1004 and RAM1005, backup RAM 1006, and clock generation <^ir^«i\l O^T^ ^^ff ' 
M^^^er the idle switch 16 for fiill open detecting [ a ferottle valve 15 ] whefeer it is no is formed m the throttle 
^X'lSentiy 4^^^ in fee inhion-of-air pafe 2, and feis output is inputted into a control circuit 10 ferough 

Mor^S fe a di^^^ fee down counter 1008. a flip-flop 1009, and fee drive circuit 1010 are for controlling 

^TnTe^S; ^ mr^if foel oil consumption calculates, fee result of an operation will be set as fee down counter 1008, 
and a flip-flop 1009 will also be simultaneously made mto a set state. 

A «s a result fee drive circuit 1010 energizes an injector 7. ^, , * mno 

me^Z dol «>i^ter 1008 starts counting of a clock pulse (not shown) and fee value of fee down counter 1008 
^2 zSo a flip-flop 1009 is reset and fee drive circuit 1010 stops energization of a fiiel injection valve. 

a^T^'ector 7 is energized only for fee period calculated by fiiel-oil-consumption control means, and fee fiiel 
accordfeTto fee result of an operation is supphed to each cylinder of an intemal combustion engine 1. 
m oSTa 4loil-co^^^^ control unit The point which should be taken into consideration since control 
nrecisiorconstitutes fee control unit which can perform stable high and control is as follows. 

CraU fee foeUnjected from fee injector 7 is not poured in into a cylinder, but adheres to an mlet-pipe wall surface 

Fo?Ss reason, even if it detemiines the injection quantity from an injector 7 feat fee air-fiiel ratio of exhaust gas will 
c*.rvp flsflnredetermined value, a predetermined air-fiiel ratio does not become. . , . , -^u 

toS^Slo ch;;raSeristios of an intemal combustion engine is mth time or fuel - changes 

Sv^m^tiSpoint - taking into consideration - the dynamic characteristics of the fuel near 'f ' ^ " . 
Si^J^I^o cTnStir- fcel oil'consumption - determining - change of dynamic characensuos - detecmg- fuel 
oil consumption - an amendment - a control unit is constituted like 
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1) Construction of the dynamic model (internal model) of fiiel In order to obtain the mass balance of the fuel near the 
injector, the imagination control volume valve flow coefficient near [ as shown in a view 3 ] the injector is considered. 
It is k about the index showing the predetermined degree of crank angle (cycle). It is fi (k) about the fuel flow which 
flows into the predetermined degree k of crank angle (cycle) at valve flow coefficient. 

It is fw (k) about the fuel quantity which has adhered to the wall surface at the predetermined degree k of crank angle 
(cycle). 

It is fc (k) about the fuel flow which valve flow coefficient ****** to the predetermined degree k of crank angle 
(cycle). 

It is R about the rate which adheres to a wall surface among the inflow fuel flow fi (k). It is P about the rate which 

remains on a wall surface among the wall surface adhesion fuel quantity fw (k). deltaf, then the following formula are 

materialized in the error accompanying modeling. 

fw(k+l)=P-fw(k) 

+ R-fi(k)-deltaf(l) 

fc(k) = (l-P),fw(k) 

+ (l-R)-fi(k)+deltaf(2) 

In addition, (2) formulas constitute the fuel behavior simulation means 105 of a view 1. « 

2) Construction of the control system by the internal model and the reverse model A view 4 shows the basic , 
composition of the adaptive control system constituted using the internal model and the control unit. 

It is G about the equivalent transfer function of a control unit. It is H about the equivalent transfer function of an 
internal model. It is P about the equivalent transfer function of an actual internal combustion engine. It is fcro about the 
fuel quantity in a criteria target cylinder. It is fcr about the fuel quantity in a target cylinder. It is fc about the actual 
charge of cylinder internal combustion. It is fcm about the fuel quantity in a cylinder calculated fiom the intemal 
model. If the error of the actual fuel quantity fc in a cylinder and 

fc« fcr (3) 



8 f = 



1 - G H + G P 
fc-GHfcro 
1 - G H 



(4) 



It ******. Therefore, it is fi-om (3) formulas. HG=1 (5) 

If come out and it is (i.e., if a control xmit is the reverse model of an intemal model) fcro=fc (6) 

It is not based on the dynamic characteristics of a next door and an intemal combustion engine, but the fuel quantity fc 

in a cylinder becomes equal to the fuel quantity fcro in a criteria target cylinder. 

Moreover, when an error arises from a ** (4) formula between fc and fcro at the time of HG=1 , a bird clapper turns out 
that control is unstable with the value of deltaf having become infinite and having mentioned above. 
That is, if the control system shown in the 4th view is constituted, it wiU become possible to control the air-fiiel ratio 
lambda of exhaust gas to target air-fuel ratio lambdar. 

3) Operation of the fuel quantity fcro in a criteria target cylinder The fiiel quantity fcro in a criteria target cylinder 
which should be injected into each cylinder can calculate lambdar and an inhalation air content for a predetermined 
exhaust gas air-fuel ratio fi-om mc (k), then the following formula. 
Fcro=lambda r-mc (k) (7) 

The air flow rate mc (k) which flows into each cylinder here can be calculated by which the following method, 
(a) Compute by the ****** (8) formula. 

mc(k) = (betal andNe-Pm-beta2,Ne)/Ti(8) .... 
However, Ne= intemal combustion engine rotational frequency Pm= pressure-of-induction-pipe force Ti- mtake-air 
temperature A basic inhalation air content is calculated from the map which makes a parameter beta ^d alpha= 
(constant b) MAP Pm and the intemal combustion engine rotational frequency Ne, it amends with an intake-air 
temperature Ti, and mc (k) is calculated, 
(c) Presume from the detection value of an air flow meter 3. 

That is, a ** (7) formula and the above (a), (b) or, and (c) constitutes a part of fiiel quantity operation means (102) in a 
criteria target cylinder of a view 1 . 

(4) Constmction of a feedforward confi-ol system It sets to the control system shown in a view 4, and is amendment 
fiiel quantity. deltaf=fc(k)-fcm (k) (9) 
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However although it becomes the fuel quantity in a model cylinder computed from the interior model of fcm=, since 
the fuel quantity fc in a cylinder (k) is directiy immeasurable, it will ask according to an operation from Output lambda 
and the inhalation air content mc(k)ofthe air-fuel ratio sensor 14. . ,f 

However since the flow delay of exhaust gas and detection delay pecuhar to a sensor are mcluded m measurement of 
an air-fuel ratio lambda, it becomes fc!=fcro, and a ** (9) formula becomes unstable so that clearly also from (4) 

In™de?to remove this frouble, these people have proposed the control unit which determines the amendment fiiel 
quantity which carries out feedforward control from the amount of operational status of an internal combustion engme 
(JapanesePatent Application No. 1-54420). ^ ^ s r. n 

therefore, this invention ~ also setting - for example, delta f=delta o-fw - (k {Pm(k)-Pm (k-1)}) 
HoweverUeltao= proportionality coefficient (10) , , nu ■ ^ 

It shall carry out and the amendment fiiel quantity which carries out feedforward shall be determined. 
That is, the remaining portion of the fiiel quantity operation means (102) in a criteria target cylmder of the 1st view 
consists of ** (1 0) formulas. 

Therefore, fiiel quantity fcr in a target cylinder Fcr=fcro+deltaf (1 1) 

It is alike and, therefore, calculates. . • . .iv • • * t*- a 

5) Detemiination of fiiel oil consumption The basic fiiel flow fio (k) which should be mject^ from an injecto^^^^ if ^ 
(k) which becomes setUed from (1) formula is used is fio[ from (2) formulas ] (k) ={fcr- (1-P) and fw (k)}/(l-R). (12) 
It can ask by carrying out. . r • i 

That is (12) formulas constitute the fiiel-oil-consumption operation means 103 of a vlqw 1^ 

6) Amendment of fiiel oil consumption Fuel quantity actually poured in into a cylmder Fi=fio+deltat (13) 
Then, the following formula is materialized. 

deltafc(k) = P-delta fc (k-1) 
+ (l-R)-deltafi(k-d+l) 
+ (R-P) -deltafi (k-d) (14) 
It is here. y(k) =deltafc (k) 
u(k) =deltafi (k-d) 

MoT^it^ R=Ro^SlltaR Po and Ro obtain the steady-state value, then the following formula of each parameter. 

x(k+l) =Po-x (k) 
+ Ro-(l-Po)-u(k) 
+wl (15) 

v(k)=x(k)+(l-Ro)andu(k)+w2(16) . , ^„ . . ^ i^^u 

wl and w2 are the fiinction of delta P and delta R here, xs and us shall satisfy the foUowmg formula fiirther. 
xs=Po-xs+Ro-(l-Po)-us+wl (17) 
ys=xs+ (1-Ro) and us+w2 (18) 

Furthermore, a variable is changed like the following formula. i ^ - n o^ 

x(k) •=x(k)-xs y(k) •=y(k)-ys u(k) •=u(k)-us deltax(k) '=x(k) '-x(k-l) ' deltax(k) '=u(k) '-uOc-l) (19) 
Consequently, ** (17) and (18) formula indicates by the state variable like the foUowmg formula. 



Ax ( k + 1 ) 



y (k) • 





r P 0 0 ■ 


• 




' 1 1 ' 





R 0 



( 1 - P 0 ) 



W ~ R o 



A X ( k ) 



y (k- 1 ) * 



A u (k) • 



(20) 



The following formula will be obtained if the optimal regulator shown in 127 pages of a basic system tiieory (work 
besides Katsuhisa Furuta, Corona Publishing Co., Ltd. **) from 1 14 pages is designed as opposed to the system 
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expressed with a * * (20) formula. 

deltau (k) • =-fl, deltax(k) '-f2, and y(k-l) ' (21) 

fl and f2 are the optimal gain here. . 

The following formula wiU be obtained if it returns based on a vanable. 

Af i (k) = {- f 1 • c (k + d) 

k ' t 

^f2-5:Afc(j+d)+wPR} 

/ { 1 - f 1 • ( 1 - R 0 ) } (22) 
wPR is the correction term of a parameter here. Since the value of the future is included in a ♦* (22) formula about 
deltafc, it replaces using a- (14) formulla.^ l)=p.Afc(k) 

+ (l-R)'Afi(k-d+'2) 
+ (R-P) - Afi (k-d+'l) 

Afc(k + 2)=P»Afc(k-+n 
+ (l-R)-Afl(k-d + 3-) 
•f(R-P) - Afi (k-d + 2) 



Afc (k+d)»P-Afc (k+d-1) 
-l-(l-R) - Afi (k-J) 
Namely,a-(14)formula+ ( R " P ) ' A f . i ( k ) (23) 

Bv substituting the above-mentioned formula one by one, it becomes possible to calculate the value of the future about 
Sc tTa lTwn value. In addition, (22) and (23) formulas constitute the fuel-oil-consumption amendment means 

7HdentiSon of a parameter Although it came noting that the parameter in the model which expresses tiie dynamic 
iSst sTfoeS above expiration was known, since it changes according to the operational status of an 

ij^t^^^ettS^^ 

STs'^J^^^nTI^^^^^ fuel oil consumption and it is from the air-fuel ratio detection value at that time. 

K Ss o?2p^^^^ is determined using a well-known least-squares method so that the following 
performance index may take the minimum value. 
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i ■ k 

J - £ e (i) » (25) 

The number of time steps used for h= identification here In addition, (24) and (25) fonnulas constitute the parameter- 
identification means 1 08 of a view 1 . ■, • ^ ^ 
(3) Execution of control The functional diagram of the control unit constituted by the view 5 accordmg to the above 
explanation is shown. , . • 
That is, in 501, the fiiel quantity fcro in a criteria target cylinder calculates based on the mtemal combustion engine 
rotational fi-equency Ne and the pressure-of-induction-pipe force Pm by the method of of (a), (b) or, and (c) of a 
publication to a ** (7) formula and 3. -kt j 
In 502, amendment fuel quantity deltaf calculates based on the internal combustion engine rotational firequency Ne and 
the pressure-of-induction-pipe force Pm by the ** (1 1) formula simultaneously. 
The result of an operation in 501 and 502 is added, and it is led to the reverse model 503. 
The criteria fuel oil consumption fio injected from an injector 7 based on a ** (1 2) formula in 503 is determined. 
Based on this criteria fuel oil consumption fio, the fiiel quantity fcm in a model cylinder calculates from a fuel dynamic 
model using a** (2) formula by 504. ^ , .-^ r ■ 
Based on the fiiel quantity fc in a cylinder of an actual internal combustion engme, and the fuel quantity fcm in a model 
cylinder, amount of fiiel-oil-consumption amendments deltafi is calculated using ** (21) and (22) formulas by 505. 
This amount of fuel-oil-consumption amendments deltafi and criteria fiiel oil consumption fio calculated by 503 are 
added, and it becomes the fuel oil consumption fi actually supplied to an internal combustion engine. 
Furthermore based on this fiiel oil consumption fi and the fiiel quantity fc in a cylinder of an internal combustion 
engine, the parameter of a fuel dynamic model is identified in 505 using ** (24) and (25) formulas. 
A view 6 is a routine for performing confrol by this invention, for example, is performed for every stroke. 
That is, the detection value Ne required for execution of this routine at Step 601, i.e., an internal combustion engine 
rotational frequency, tiie pressure-of-induction-pipe force Pm, and the air-fiiel ratio lambda of exhaust gas are read. 
In Step 602, the fuel quantity fcro in a criteria target cylinder and amendment fuel quantity deltaf calculate. 
And in Step 603, it is judged whether an internal combustion engine is in an idling state. 

It is detectable whether it is in an idling state whether an idle switch 16 is ON. In addition. Step 603 constitiites the 
property state detection means 1 07 of a view 1. 

Usually, when it is operational statiis, a negative judging is carried out at Step 603, and it progresses to Step 604. 
In Step 604, criteria fuel oil consumption is calculated using a reverse model. 

The amount of fiiel-injection amendments calculates in Step 605, and it is added with criteria fiiel oil consumption in 

Step 606. ... 

And let tiie time injector 7 with which the fiiel quantity defined at Step 606 in Step 607 is mjected be open. 

When an internal combustion engine is in an idling state, in order to carry out an affirmation judging at Step 603 and to 

identify the parameter of a fuel dynamic model, it progresses to Step 608. 

In Step 608, the regularity rate perhirbation of the fiiel oil consumption is carried out, and fuel is injected from an 

injector 7 at Step 609. ^ , ^ . • _r j 

The parameters P and R of a dynamic model are identified at Step 610, and renewal of a parameter is performed at Step 

611. 

[Effect of the Invention] , . j i 

change of the property of the fuel-injection confrol which was excellent in responsibility combimng the reverse model 
and fuel dynamic model of fiiel dynamic characteristics being not only realizable according to the fiiel-injection confrol 
unit of the internal combustion engine by this invention but an internal combustion engine ~ responding ~ fuel oil 
consumption ~ an amendment ~ it becomes possible to increase the stability of confrol by things 
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